The solid state binding energies of 8-azaguanine, 8-azaxanthine, hypoxanthine and xanthine were calculated by using semiempirical self-consistent charge intramolecular electrostatic potentials expressed in the point-charge approximation. The results are essentially in good agreement with the experimental data giving in the same time a very simple and transparent interpretation of ESCA spectra which is close to the chemical intuition. Splitting of some unresolved N(ls) peaks is proposed and separate binding energies are attributed to particular nitrogen atoms. Since the point-charge model describes a number of molecular properties, it is concluded that formal atomic charges are meaningful within the adopted theoretical framework despite the fact that they can not be defined in a unique fashion. The relaxation energy and work functions of the studied molecular crystals are briefly discussed.
Introduction
Electron spectroscopy for chemical analysis (ESCA) is a useful vehicle for exploring gross molecular properties in gaseous [1] , liquid [2] and solid [3] samples. It is also a convenient method for discussing electronic features in polymers [4] , chemisorption and physisorption phenomena [5] , homogeneous catalysis [6] etc. The measured ESCA chemical shifts give probably the best insight into the charge distribution in molecular systems. The relation between inner-core energy shifts and formal atomic charges was first suggested by Siegbahn et al. [1] . It was subsequently used in a number of semiempirical calculations. However, by far the best results are obtained with the self consistent charge method (SCC-MO) as we have conclusively shown in a series of papers [7 -9] , The backbone of this approach is the calculation of the potential at the nucleus in the point-charge approximation. The relaxation of the electron density upon ionization is taken explicitly into account employing the equivalent core concept [10] or the transition potential * Also at the Faculty of Natural Sciences and Mathematics. Marulicev trg 19. 41000 Zagreb. Yugoslavia.
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formalism [11] . The results for a large number of atoms in a wide variety of different chemical environments were in good agreement with the experimental data. Since the quality of the results is much higher than that obtained by e.g. the CNDO/2 method, it is desirable to apply our simple and efficient procedure to large compounds of chemical interest. Here we consider inner-shell binding energies in some biologically important purines. Their charge distributions and ESCA base lines will be examined. The relaxation energies and solid state work functions are also briefly discussed.
Outline of the Method
Bäsch [12] and Schwartz [13] have shown that the ESCA chemical shifts of 1 s levels are mostly affected by the changes in electrostatic potential exerted on the host nucleus
where
K A =X'[(Z b -2)ARAB]-<0 (1//A) 0> (2)
B and k A , I A are adjustable parameters. Calculating the one-center Mr integrals and approximating the polycenter ones by point-charges, one obtaines the simple formula [7] ABE^ktQb + kiQb valence shell electron density on atom B is denoted by £>b-The weighting factors &,(/= 1,2,3,4) put the potentials in line with the energy shifts. The parameter is related to the reference level. The remaining factors absorb a large portion of the relaxation energy [7] , The factor k 3 multiplying the Madelung term deserves some more comments. Careful analysis of the ab initio DZ results reveals that the electrostatic potential at the nucleus can be accurately calculated in the point-charge approximation where the constant k 3 is unity [14] , The fact that Ä.3 is generally different from unity 4= 1) in the formula (3) reveals the influence of the intramolecular charge transfer reorganization on the binding energy shifts (vide infra).
Thus the use of k 3 = 1 in the ground state potential (GPM) formulas of the type (3) by other workers is not quite justified. The one-center relaxation due to the contraction of atomic orbitals is included in the weighting factors k x and k 2 as discussed by Snyder [15] . Hence, a great deal of the relaxation energy is taken into account even in the approach involving only ground state charge distribution. The parameters k\ and k 2 could be contracted to a single constant k\ = k 2 . Then the ABEA shifts depend explicitly on the ground state charge of the ionized atom A denoted by q A . Depending on the number of the weighting factors and their interrelations one can distinguish several models. They are signified as q (k x = k 2 , k 3 = 0) if the Madelung term is neglected. Inclusion of the Madelung contribution {k\ = k 2 , k 2 4= 0), abbreviated by M, is denoted by q + M etc. If molecules with special structural characteristics regarding shape and size are considered, then the relaxation energy can play a significant role. It can be conveniently treated by invoking the equivalent core approximation [10] which simulates the zlSCF procedure yielding the extended formula 
which have three and four-parameters, respectively. The atomic charges and orbital populations were computed by the SCC-MO method, which in turn is described elsewhere [7] . The experimental X-ray geometries were used for 8-azaguanine [ 
Results and Discussion

ESCA shifts
The estimated solid state ESCA shifts for 8-azaguanine, 8-azaxanthine, hypoxanthine and xanthine are compared with the corresponding experimental data [17] in Table 1 . The C(ls) and N(ls) shifts were determined relative to the gas phase reference levels of CH 4 and N 2 , which take values of 290.7 and 409.9 (in eV), respectively. The empirical weighting factors were taken from the earlier work [8] . Survey of the results shows that the overall agreement with measured values is quite good for all five formulas. Their performance is best illustrated by the average absolute errors which are 0.4, 0.3, 0.2, 0.^ and 0.2 (in eV) starting from the q model and ending up with the results obtained by the (7), respectively. The simple two parameter q model works well particularly if one takes into account the fact that other semiempirical methods face serious troubles in treating nitrogen shifts [7] . Slight improvement is observed with the q JP model since the charge on the host atom calculated by the transition potential method reflects better the effect of the electronic reorganisation. Additional gain in accuracy is obtained by the inclusion of the transition potential Madelung term A/J p . It yields results with the average absolute error of 0.2 eV which is ac- Table 1 . Comparison between SCC-MO inner-shell binding energy shifts in some purines as calculated by several electrostatic potential models and the available experimental data (in eV).
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-9.6 -9.8 -9.9 -9.7 -9.7 -9.6 N 8 -8. (6) and (7) exhibit errors of 0.3 and 0.2 eV, respectively, giving thus a good overall picture of the ESCA shifts.
Let us focus our attention on the C(ls) levels first. It is interesting to observe variations in bonding energy with changes in chemical environment of the considered atoms. According to the simple rule of thumb the atoms with lower electron density have higher inner-core binding energies. Hence the smallest absolute values of the shifts from the reference level are expected for carbons surrounded by three highly electronegative heteroatoms. Indeed, the most stable C(ls) level is found at C 2 positions in 8-azaxanthine and xanthine where the carbons are linked to the two nitrogens and one oxygen atom. Concomitantly the valence shell electron density at C 2 is low being 3.75 e. The C 2 (ls) binding energies in 8-azaguanine and hypoxanthine are according to the formula (7) 288.1 and 287.4 eV, respectively, compatible with number of neighbouring (three and two) nitrogen atoms. The corresponding gross atomic populations 3.81 and 3.87 e are consistent with the aforementioned simple picture. A comparison between C 2 (ls) and C 6 (ls) levels is instructive. These atoms have the same effective Hence, the charge density on N| is significantly lower than that of N 3 which is reflected in higher N(1 s) binding energy of the former atom the difference being 1.5 eV. The N 7 and N 8 atoms have also a localised er-lone pair each in the plane of the five membered ring but their BEs are higher than that of N 3 by 1.0 and 1.5 eV, respectively. The reason is again found in their immediate neighbourhood, because they are linked to one or two nitrogens. Their shifts relative to the N 3 (ls) level are further enhanced by the differences in the relaxation energy (vide infra. Table 2 ). The unresolved peaks will be of our concern next. According to the results of the Eq. (7), the N 9 (l s) level should be higher by 0.7 eV than that of N 8 (ls) in 1 while N g (ls) and N,(ls) seem to be virtually the same. The binding energies N^ls) and N 9 (ls) in 3 are very close the difference being only 0.2 eV ( Table 1 ). The spectrum of xanthine has three unresolved levels of atoms N,, N 3 and N 9 . The N 3 (ls) level appears to be more stable by 0.3 and 0.4 eV than N,(ls) and N 9 (ls) levels, respectively.
The similarities between the binding energies of nitrogens in similar bonding situations is remarkable. For example, the N 3 (l s) level in 8-azaxanthine is virtually the same as N,(1 s) in 8-azaguanine. Further, N,(ls) BEs in 2 and 4 are practically the same. The shifts of N 7 and N 9 1 s electrons in 3 are close to the corresponding values in 4 etc. It is gratifying that the point-charge model corrected when necessary with explicit treatment of relaxation effect yields results which are so close to the chemical intuition and so useful for the interpretation of ESCA spectra.
Relaxation energies
As Hedin and Johansson have shown [18] , the relaxation energy is given by
where VA(ZA) and VA(ZA + 1) are potentials exerted on the sites of the atom A undergoing ionization and its equivalent core counterpart Ä, respectively. In the point-charge approximation, the relaxation energy E A can be partitioned into three terms
Here E A (contr.) = 13.6 <2A(CA-CA)/« eV, (10a) The estimated relaxation energies are given in Table 2 . Their extent is large. However, the variations of E A are at least an order of magnitude smaller. It is interesting to notice that the dominating term is £ R (mix) and that the charge flow contribution is relatively small and of the opposite sign. The corresponding values of E A (contr.) and £" A (flow) are virtually the same in the equivalent core and transition potential approaches. They are also fairly constant in a series of studied compounds. The E A (contr.) term is proportional to the valence charge population of the host term A in the ground state, as observed first by Snyder [15] . The largest variations exhibits the £ A (mix.) term which also differs in the EC and TP methods by ~ 1 eV. The equality of E A (contr.) and £ A (flow) as well as discrepancies for £ A (mix.) term are easily understood if the following approximate relation between the corresponding EC and TP entities are taken into account [9] : (5.22. 6.18 ) and N 9 (5.03, 5.99). One observes that the carbon C 4 is overcompensated by the charge flow since it gets slightly more than one electron. Apart its influence on the ESCA chemical shifts, the relaxation energy is related to the proton affinity [20, 21] It is difficult, unfortunately, to delineate the last two entities. Furthermore, they are obtained as a difference of the two big number so that one gets a rough idea about (P + E A (extra). They are given in the last column of the Table 3 . The average values for carbon and nitrogen atom in the studied purines are 4.9 and 5.6 eV, respectively. Thus E^ (extra) is on average by 0.7 eV higher than the E T C (extra) which is exactly the result obtained earlier on nucleic acids and related heterocyclic compounds [8] . This finding is compatible with greater electronegativity of the nitrogen. The work function of the molecular solids is surprisingly constant and one can take ~ 4.0 eV as a rough estimate. Then the average Eq (extra) and £>j (extra) values are ~ 0.9 and ~1.6eV. respectively. Hence the extramolecular relaxation energies are very small and their variations on different molecular sites should be an order of magnitude smaller. It should be mentioned that variation of E A (extra) in studied purines (Table 3) is too exaggerated. This is a consequence of the inaccuracy inherent in (11) and possibly due to the presence of hydrogen bonds in solids which are not treated in this work.
Conclusion
The solid state ESCA chemical shifts of the studied purines are well described by the semiempirical SCC-MO ground state potentials calcu- 405.9 5.1 lated in the point-charge approximation. Explicit consideration of the relaxation effect by invoking the EC or TP formalism offers sometimes a more reliable account of the inner-shell photoionization phenomenon, but generally speaking the GPM approach is satisfactory. The results are in good agreement with the experimental data and support the partial assignment of the measured spectra [17] . Splittings of some unresolved N(ls) peaks are proposed illustrating the usefullness of the simple point-charge model. Although the calculated binding energies and charge distributions are interesting per se due to the biochemical importance of the examined compounds, they have much broader impact yielding an additional piece of evidence that atomic point charges are a useful tool for studying molecular behaviour. Indeed, earlier work [7] [8] [9] and present results conclusively show that the pointcharge model interprets ESCA chemical shifts in a simple and transparent way which is close to chemical intuition. It should be mentioned in this connection that the point-charge model gives a rationale for a number of other molecular properties like diamagnetic shielding [22] and the diamagnetic part of the magnetic susceptibility [23 -25] , and that they are closely related to the total molecular SCF energies [26] , Thus we can draw the important conclusion that atomic charges do have a certain meaning within the adopted theoretical framework inspite of the fact that they can not be defined in a unique way. By using the effective charges of atoms one can express a number of molecular properties as a sum of atom-like entities.
